In Duchenne muscular dystrophy (DMD) and Becker muscular dystrophy (BMD), interventions reducing the progression of myocardial disease could affect survival.
D uchenne muscular dystrophy (DMD) and Becker muscular dystrophy (BMD) are genetically determined diseases caused by a mutation in the dystrophin gene located on chromosome X, locus Xp21. Dystrophin is located on the myocyte membrane and connects the cytoskeleton with the extracellular matrix, 1 being responsible to maintain cell membrane stability during muscle contraction. With the absence (DMD) or decreased amount (BMD) of dystrophin, myocytes develop successive microruptures of the sarcolemma during contraction, with subsequent necrosis and replacement by fibrofatty tissue. 2 Clinically, after a short period of apparently normal motor development, there is progressive, irreversible skeletal muscle degeneration, with consequent muscle weakness. 3 Of the 2 disorders, DMD is more severe and 10 times more frequent than BMD. 4 Myocardial involvement is frequent, currently representing one of the main causes of death as a result of an improvement in respiratory care in recent years. 5, 6 In a previous study, our group reported for what we believe to be the first time the presence of myocardial fibrosis (MF) by cardiovascular magnetic resonance (CMR) in patients with DMD or BMD. 7 However, potential prognostic implications and pharmacologic interventions that might affect the progression of MF were not investigated. The aim of the present study was to investigate the course of cardiac involvement in patients with DMD or BMD using a comprehensive serial CMR assessment, testing the prespecified hypothesis that early intervention with angiotensinconverting enzyme (ACE) inhibitors can favorably change the development of MF (the primary outcome) in patients with no left ventricular (LV) systolic dysfunction through a prospective randomized clinical trial.
Methods

Patient Population
This prospective study, conducted from June 26, 2009 , to June 30, 2012 , included male patients (≥6 years) with confirmed DMD or BMD who were being monitored in the specialized outpatient clinic for DMD or BMD of Federal University of Minas Gerais, Belo Horizonte, or Heart Institute, InCor, University of São Paulo, São Paulo, both in Brazil. The diagnosis of DMD and BMD was confirmed by the presence of dystrophin gene mutation in molecular analysis by multiplex ligation-dependent probe amplification (MLPA; MRC-Holland) 8 and/or the absence or reduction of dystrophin determined on muscle biopsy results. For patients with no detectable deletion/ duplication in the dystrophin gene on DNA analysis (multiplex polymerase chain reaction screening, and/or MLPA study), muscle biopsy was mandatory, with specific immunostaining and quantitative analysis for the dystrophin protein. The genetic analysis was performed at the Human Genome and Stem Cell Center Biosciences Institute, University of São Paulo, São Paulo, Brazil. Among patients without a mutation shown on genetic testing who refused to undergo the muscle biopsy, only 2 patients with a family history of DMD or BMD (each had a sibling with the disease confirmed by muscle biopsy) were included in this study. The patients or a responsible adult signed an informed consent form and the study was approved by the institutional ethics committees (Federal University of Minas Gerais Institutional Review Board and Institutional Board Review for Research Project Analysis of the Hospital and the Faculty of Medicine of the University of São Paulo). The participants did not receive financial compensation. The study protocol is available in Supplement 1. All patients underwent routine cardiac evaluation at baseline that included a complete clinical examination, electrocardiogram, chest radiography, determination of the serum creatine kinase (CK) level, and Doppler echocardiography in our specialized pediatric DMD/BMD center. After signing the written informed consent form, patients were scheduled to undergo the baseline CMR examination and clinical evaluation, which were performed on the same day.
Cardiovascular Magnetic Resonance
All patients underwent 2 CMR studies using the same protocol (Magnetom Avanto, 1.5-T; Siemens), with 1 performed at baseline and 1 at 2-year follow-up, with cine magnetic resonance imaging (MRI) for the assessment of LV contractile function (global and segmental) and late gadolinium enhancement (LGE) imaging for the detection and quantification of MF. Cine MRI (gradient-echo sequence in steadystate free precession) 9 and LGE (fast gradient-echo with a preparatory inversion-recovery pulse) 10 were acquired using standard settings in the same LV short-and long-axis views, allowing accurate comparison between LV function and myocardial structure. The LGE images were acquired 10 to 20 minutes after intravenous injection of gadolinium-based contrast (gadoversetamide, 0.2 mmol/kg; Optimark) and adjustment of the inversion time to null the signal of normal myocardium. Digital imaging and communications in medicine images were analyzed in a central core laboratory. Qualitative and quantitative analyses of cine MRI and LGE were performed
Key Points
Question Does early use of angiotensin-converting enzyme inhibitor therapy in patients with Duchenne or Becker muscular dystrophy who have preserved left ventricular ejection fraction affect the progression of myocardial fibrosis defined as percentage of left ventricular mass identified by cardiovascular magnetic resonance?
Findings In this randomized clinical trial of 42 patients with myocardial fibrosis and preserved left ventricular ejection fraction, those receiving angiotensin-converting enzyme inhibitors demonstrated significantly lower myocardial fibrosis progression compared with those who were untreated. Early use of angiotensin-converting enzyme inhibitor therapy was independently associated with a lower rate of myocardial fibrosis progression.
Meaning Early angiotensin-converting enzyme inhibitor therapy, initiated when myocardial fibrosis is identified before a decrease in left ventricular ejection fraction, seems to benefit patients with Duchenne or Becker muscular dystrophy.
blindly and independently: cine MRI by one of us (M.C.S.) without knowledge of the treatment received by patients and LGE by 2 others of us (C.H.R.E.R. and C.E.R.) as observers blinded to any other patient data. Interobserver and intraobserver variability for 20 patients of our population were calculated using absolute agreement intraclass correlation coefficients with 2-way mixed models, Bland-Altman analysis, and coefficient of variation.
Segmental LV contractility and LGE presence were evaluated in short-axis images, using the American Heart Association 17-segment model. 11 Left ventricular end-diastolic volume, end-systolic volumes, LV mass, and LV ejection fraction (LVEF) were calculated from steady-state free precession cine MRI images using the Simpson method as previously described 12 (Leonardo Workstation; Argus-Siemens Healthcare). The LGE images were analyzed using dedicated software (cmr
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, version 3.4.2; Circle Cardiovascular Imaging) with a semiautomatic quantitative tool for MF measurements, based on a threshold technique (MF measured as any pixel with signal intensity >5 SDs of the mean of normal myocardium) ( Figure 1) . The observer visually defined the normal myocardium as an area of homogeneous nulled myocardium (low signal) and drew a region of interest used to calculate the mean (SD) of normal myocardium; inferoseptal was an often-used segment because of frequent lateral wall involvement in our patients. Software that was validated and approved by the US Food and Drug Administration identified the area with pixel values more than 5 SDs above the mean, which defined LGE, the surrogate for MF. To our knowledge, no definition of an ideal threshold for detecting MF in patients with DMD or BMD cardiomyopathy is available. Previous studies directly investigating the different techniques used for myocardial fibrosis quantification in nonischemic cardiomyopathy have demonstrated that full width at half maximum, 5 SDs, 6 SDs, and manual threshold performed similarly and provided robust reproducibility. [13] [14] [15] Based on previous data 7 and a pilot analysis that we performed, the 5-SD cutoff above normal myocardial signal intensity had the best agreement with visual LGE analysis in a range of DMD and BMD cardiomyopathy severity.
Despite high-quality, no-artifact images in almost all cases, it was unavoidable that a few of the younger patients with spine deformities had difficulties remaining within the magnet and performing appropriate breath holding, leading to image artifacts promptly recognized by the expert observer. Clear and definitive artifacts (based on 2 expert decisions) were manually excluded with a special tool provided by the postprocessing software; therefore, those pixels were not counted as true LGE. A true LGE was also confirmed in both views of LV short axes and LV long axes images.
Patient Classification and Randomization
Patients were classified into 3 groups based on the presence of LV dysfunction and/or MF. The first group consisted of patients with LVEF less than 50% by echocardiography or CMR (group D [dysfunction]). The second group consisted of patients with LVEF of 50% or more and without MF by CMR (group ND-NF [no dysfunction-no fibrosis]). The third group consisted of patients with LVEF of 50% or more and with MF by CMR who were included in the non-intent-to-treat randomized trial.
Group D patients received conventional care for DMD and BMD and were treated with medications for systolic dysfunction at the discretion of the cardiologist. The participants received ACE inhibitors (enalapril, 10-20 mg, every 12 hours), β-blockers (a total carvedilol dose of 1 mg/kg, starting at 3.125 mg every 12 hours to reach the maximum dose of 25 mg every 12 hours), and in patients with LVEF less than 35%, an aldosterone inhibitor (spironolactone, 25 mg once daily). Group ND-NF patients received conventional care for DMD and BMD and did not receive any treatment for cardiomyopathy or heart failure.
Patients with LVEF of 50% or more and the presence of MF noted on CMR were randomized into 2 subgroups (block randomization 1:1, block size 4, performed by C.F.A.). In the first subgroup (group ND-NT [no dysfunction-no treatment]), patients received all necessary treatments according to their clinical condition based on guidelines 16 (eg, corticosteroids, physical therapy, and respiratory care), but no treatment for cardiomyopathy or heart failure (ie, no treatment with ACE inhibitors, angiotensin receptor blockers, β-blockers, diuretics, or aldosterone inhibitors). The second subgroup (group ND-T [no dysfunction-treatment]), in addition to the same basic therapy applied to group ND-NT, received an ACE inhibitor (enalapril). No other medications were used for cardiomyopathy or heart failure in this group. The enalapril dose was titrated to the patient's maximum tolerated level or a maximum dose. Enalapril was administered at a starting dose of 2.5 mg every 12 hours in patients younger than 10 years and increased up to 5 mg every 12 hours. In patients 10 to 15 years, the initial dose was 5 mg every 12 hours, with a maximum dose of 10 mg every 12 hours. In patients older than 15 years, the dose was 10 to 20 mg every 12 hours. The investigator responsible for the drug treatment (Z.M.A.M.) was not blinded to the group allocation because she 
Follow-up
Epidemiologic methods for follow-up included ascertainment of events blinded to randomization status or CMR results. During the study period, patients were followed up by a clinical appointment at the specialized DMD/BMD outpatient clinic with an interval of 6 months or at any time if they had new symptoms. Clinical information was obtained mainly from the outpatient clinic visits and, if necessary, telephone interviews and medical records. The primary outcome of the study was the degree of MF accumulation between baseline and follow-up CMRs. Major cardiovascular events (ie, cardiovascular death, hospitalization for heart failure, cardiac arrhythmia requiring hospitalization, myocardial infarction, and fatal or nonfatal stroke) were monitored during clinical follow-up and adjudicated by 2 cardiologists (M.C.S. and T.A.M.) blinded to the research randomization.
Statistical Analysis
Descriptive results were given as frequencies and percentages for categorical variables and as mean (SD) for continuous variables. Normality was checked by the skewnesskurtosis test. The Kaplan-Meier method was used in survival analysis. Baseline comparisons of CMR variables had 76 observations, and follow-up CMR included 74 observations (2 patients died before the CMR follow-up examination). Sample size calculation was limited considering that the primary outcome (progression of MF determined with CMR) had not been previously investigated at the time of the study design. To estimate differences in the progression of MF, we used surrogates of myocardial injury previously reported for patients with DMD or BMD in treatment trials, such as differences in fractional shortening (36%) 17 and LVEF (13%) 18 by echocardiography and in T2 myocardial signal (29.7%) 19 in a CMR study. In a superiority trial analysis for the treatment group and estimating mean 
Results
Between June 26, 2009 , and June 30, 2012, a total of 76 male patients were included in the study: 70 patients with DMD and 6 with BMD ( Figure 1 ). Mean (SD) age was 13.1 (4.4) years. Fortythree patients (57%) had muscle biopsy performed and 40 patients (53%) had identified DNA mutation. Mean interval between CMR studies was 2.05 (0.11) years (range, 1.9-2.5 years). Table 1 summarizes the characteristics of the study cohort, and Table 2 reports the progression of MF by CMR between baseline and follow-up studies in randomized patients (randomized clinical trial: MF diagnosed by CMR and no LV dysfunction) and nonrandomized patients (registry: without MF or with LV dysfunction).
Entire Cohort and Registry
There was a significant increase in MF mass over time in group D (n = 11) but not in group ND-NF (n = 21) (Figure 2Aa n d Table 2 ). We observed a significant positive correlation between age and the amount of MF identified by CMR both at baseline and at follow-up (correlation coefficients, r = 0.52 at baseline and r = 0.50 at follow-up; P < .001 for both). We also observed a significant negative correlation between age and CK levels (r =−0. 693;P < .001). In addition, there was an inverse association between CK level and MF at baseline (CK level decreased with age; MF identified by CMR increased with age) and, as expected, between LVEF and MF (as MF increased, LVEF decreased) ( Figure 2B ). Patients receiving corticoste- e Difference between follow-up and baseline.
roids showed no significant differences in baseline MF or MF progression compared with those not receiving corticosteroid therapy. The pattern of MF was mostly midwall and subepicardial and predominantly affecting lateral and inferior LV segments ( Figure 3 ). Myocardial fibrosis measurements showed low intraobserver and interobserver variability and excellent agreement (mean difference, 0.06 g; limits of agreement, 2.4 to 2.5 g; coefficient of variation, 6.4%; and intraclass correlation coefficient, 0.99; vs mean difference, −0.56 g; limits of agreement, −5.1 to 4.0 g; coefficient of variation, 11.9%; and intraclass correlation coefficient, 0.98). All 4 patients (5%) who died during follow-up had MF identified by CMR, and the mean amount of MF was significantly higher in these individuals than among the 72 survivors (95%) (36.4 [16.2] vs 11.0 [12.1] g; P < .001). In addition, LVEF was significantly lower on CMR among the patients who died (35.9% [16.3%] vs 55.5% [9.0%]; P < .001). All 4 deaths were related to heart failure associated with pneumonia, thromboembolic events, and severe cardiac arrhythmia. There were 8 patients with cardiovascular events, all of which related to cardiac arrhythmias (4 supraventricular and 4 ventricular tachycardia) requiring hospitalization to revert and/or control their arrhythmias either through electrical or chemical cardioversion. On the Kaplan-Meier analysis for the combined cardiovascular events, patients with MF showed a higher probability of experiencing an event compared with patients without MF (event rate, 10 of 55 [18.2%] vs 0 of 21 [0%]; log-rank P = .04) ( Figure 2C ).
Moreover, for all patients, the use of combined traditional diagnostic methods (chest radiograph, electrocardiogram, and echocardiogram) provided low sensitivity and negative predictive value for detecting cardiac involvement, defined as MF by CMR (sensitivity, 47.3%; specificity, 71.4%; positive predictive value, 81.2%; and negative predictive value, 34.1%).
We used a backward stepwise multivariate analysis to investigate indicators of MF progression by CMR and indicators of LVEF change on follow-up CMR study. For model 1 in Table 3 , including age and MF (as percentage of LV mass) in the baseline CMR study, the indicators for the progression of MF were CK level and use of ACE inhibitors. Indicating factors for change in LVEF at follow-up CMR were MF in the baseline CMR and use of ACE inhibitors (Table 3) .
Randomized Clinical Trial
Forty-two patients were included in the randomized clinical trial: 39 patients with DMD and 3 with BMD. Mean (SD) age in this cohort was 12.1 (2.7) years. All patients had their diagnosis confirmed by muscle biopsy results (25 [60%] ) or DNA mutation (21 [50%] ). Characteristics of this cohort are reported in Table 1 .
At the 2-year follow-up, the increase in MF was significantly higher in the nontreated (ND-NT) compared with the treated (ND-T) group (10.0% [6.2%] vs 3.1% [7.4%]; P = .001) ( Table 2 ). The increase in MF was not statistically significant in the ND-T group (32.8 [13.7] to 35.9 [13.7] percentage of LV mass; P = .07) but was significant in the ND-NT group (23.8 [13.6 ] to 33.8 [12.4] percentage of LV mass; P < .001) ( Table 2 and Figure 2A ). Patients receiving corticosteroids demonstrated no significant differences in baseline MF or MF progression compared with those not receiving corticosteroid Table 3) .
Discussion
This randomized clinical trial investigated the effect of intervention with ACE inhibitor treatment on the progression of MF quantified by CMR as the primary end point. To our Red arrowheads indicate the inferolateral subepicardial and midwall contiguous fibrosis; yellow arrowheads, the anterior segment with contiguous MF; and blue arrowheads, multifocal anteroseptal fibrosis. B, Late gadoliniumenhancement LV long-axis section images of the same patient with DMD and MF. Note the correlation between inferolateral segments MF (red arrowhead) in short-axis, long-axis, and anterior segments (yellow arrowheads). C, Patient with DMD from the nontreated group (no dysfunction-no treatment) at baseline cardiovascular magnetic resonance (CMR) with little MF at this level and a small amount of MF for the entire LV. D, Same patient at follow-up CMR with important progression of MF at the same level and for the whole LV (from 1.7% to 9.1% of LV mass). E, One short-axis section of 2 patients with DMD (1 in each row) with typical MF pattern seen in our group of patients and with quantitative measurement examples using a threshold of signal intensity above 5 SDs of mean normal myocardium (depicted in yellow). Images in the first column have no region-of-interest drawings; those in the middle column show only the endocardial (red outline) and epicardial (green outline) LV contours for visual comparison.
knowledge, this is the first study to demonstrate the benefit of ACE inhibitor therapy specifically in patients with MF identified on CMR and preserved LV function. Patients with DMD or BMD with preserved LV function and MF demonstrated slower MF progression over a 2-year follow-up when receiving an ACE inhibitor. Moreover, patients with MF had a significantly higher probability of cardiovascular events than did those without MF in the 2-year follow-up (P =.04) ( Figure 2C ).
Since what we believe to be the first study describing MF detection by CMR in patients with DMD or BMD published by our group, 7 other studies 20, 21 have confirmed a high prevalence of MF in these patients. In the present study, 55 patients (72%) presented with MF at baseline and, of those, only 13 individuals (24%) had abnormal LVEF shown on echocardiogram, highlighting the critical role of early detection of MF, particularly considering that the slower progression of MF over 2 years occurred only in patients with MF and no LV dysfunction at baseline. Currently, the therapeutic intervention with ACE inhibitors is initiated based on altered LVEF, which is a late finding in the myocardial damage cascade in muscular dystrophies. Our data suggest that ACE inhibitor therapy should start before the onset of LV dysfunction and when MF becomes detectable by CMR. This finding is further supported by an animal study by Rafael-Fortney et al 22 showing that early intervention with antifibrotic drugs (eg, lisinopril, spironolactone) could attenuate myocardial damage in treated mice, as measured by circumferential strain and matrix metalloproteinase activity. Although the focus of our study was on patients with DMD or BMD who had preserved LVEF, for the entire patient group, including patients with reduced LVEF, the amount of MF showed a significant inverse correlation to LVEF ( Figure 2B ), which agrees with a recent study investigating the progression of LV dysfunction. 23 Several studies tested the use of ACE inhibitors and other drugs in the prevention of LV dysfunction in patients with DMD or BMD, [24] [25] [26] but, to our knowledge, no randomized clinical trial tested the benefit of adding these medications based on MF detection by CMR in a 2-year follow-up. In the multivariate analysis, the use of ACE inhibitors was an independent indicator of less MF at the follow-up (P = .04) and the only indicator of improved LVEF at follow-up but with a nonsignificant P value (P = .09) ( Table 3) .
Limitations
Given the rare occurrence of DMD and BMD, this trial had a small number of randomized patients. Prognostic data based on few events were limited. Sample size calculation was also limited by few data on progression of MF absolutely quantified in grams, although a large data set published by Tandon et al 23 looked at MF progression as the number of LV segments. Nonetheless, our outcome data can help with hypothesis generation and sample size calculation for future randomized studies. Even though patients were randomized to receive or not receive ACE inhibitor therapy, some variables were not completely equalized because of the relatively small number of patients, particularly the ND-NT subgroup, which was younger (mean [SD] age, 11.1 [2.3] years) than the ND-T subgroup (13.1 [2.7] years). This age difference might, at least in part, account for the observed difference in MF progression between both subgroups over the 2-year follow-up; however, there is evidence suggesting that this was not the case. In the other nonrandomized patient subgroups (D and ND-NF), the older D subgroup (19.2 [3.9] years) demonstrated a high rate of MF progression, and the younger ND-NF subgroup (11.
remained a significant predictor of MF progression. Therefore, we believe that the small age imbalance did not account for the difference in MF progression observed between the ND-NT and ND-T subgroups.
Conclusions
In patients with DMD and BMD with preserved LV function and MF diagnosed by CMR, the use of ACE inhibitors slows MF progression at a 2-year follow-up. The presence of MF indicates a higher probability of cardiovascular events in a 2-year follow-up. Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication. Duchenne muscular dystrophy (DMD) is a rare, X-linked condition with progressive muscle weakness and accompanying cardiomyopathy. Cardiovascular magnetic resonance (CMR) has proved particularly useful for monitoring the earliest signs of cardiac involvement in DMD, including left ventricular (LV) strain defects and myocardial fibrosis, which appear before the onset of LV systolic dysfunction. Most patients with DMD develop cardiomyopathic features between ages 10 and 15 years. Because of this tight timeline during which heart dysfunction appears, DMD offers a unique opportunity to assess strategies to limit cardiomyopathy progression. Becker muscular dystrophy (BMD), like DMD, is caused by dystrophin mutations and often also includes dilated cardiomyopathy but with variable progression.
In this issue of JAMA Cardiology, Silva and colleagues evaluated a cohort of 76 patients with DMD or BMD (mean [SD] age, 13.1 [4.4] years) using CMR. 1 Myocardial fibrosis was most commonly seen midepicardially and subepicardially and tended to occur in inferior and lateral walls. Myocardial fibrosis correlated with systolic function, and patients with poor outcomes had more extensive myocardial fibrosis. Forty-two individuals had myocardial fibrosis but preserved function (LV ejection fraction ≥50%) and were randomized to treatment with enalapril or no enalapril. After 2 years, the treated group had slower progression of myocardial fibrosis determined with CMR. The findings provide support for the concept of pretreating cardiomyopathy before the onset of LV dysfunction.
Early treatment of cardiomyopathy in DMD has been advocated based on nuclear imaging of a distinct but similarage DMD population. 2 In addition to angiotensin-converting enzyme inhibitors, treatment with eplerenone has been shown to reduce LV strain defects in DMD. 3 Together, these studies provide sound evidence for early intervention to prevent or slow cardiomyopathy progression with medical management. Moreover, this recommendation was the consensus from a working group meeting convened by the National Heart, Lung, and Blood Institute and Parent Project Muscular Dystrophy on the cardiac management of DMD. 4 Clinical trials in rare diseases have the advantage of using well-defined homogeneous populations but are often limited by small sample size. Nonetheless, in some settings it may be reasonable to extrapolate from rare disease findings to other groups. With the increasing availability of genetic testing for dilated cardiomyopathy, there is now emerging a group of younger, gene mutation-positive individuals who are prone to developing cardiomyopathy and ultimately heart failure. These gene mutation-positive individuals are most often discovered through cascade genetic testing of a family member with cardiomyopathy. Data are lacking on whether early treatment would similarly benefit this group, but the present investigation indicates that this issue should be addressed. As we move closer to using genetic signatures to identify individuals at risk and applying tailored therapy, we realize a goal of personalized medicine. A hipótese mais provável é que a distrofina forneça suporte estrutural para os miócitos e sua membrana celular. Este suporte é gerado, por um lado, pela ligação da porção amino-terminal da distrofina com a actina, e, por outro lado, pela ligação da distrofina com o complexo protéico da membrana celular, que por sua vez se liga à merosina e à matriz extracelular-Figura 1 ( 4, 5) . Mutações na distrofina ou nos sub-complexos da proteína associada à distrofina resultam em alterações músculo-esqueléticas e cardíacas(1).
Figura 1.
As manifestações clínicas que caracterizam a DMD ou a DMB irão depender da quantidade e do tipo de alteração molecular da distrofina presente no sarcolema das fibras musculares. A ausência da distrofina ou a sua presença em pequenas quantidades com peso molecular normal é característica da DMD, enquanto que a presença de distrofina de peso molecular anormal caracteriza a DMB (6) . Trabalhos têm demonstrado que mutações específicas em genes da distrofina parecem ser preditivos para envolvimento cardíaco enquanto outras mutações podem proteger ou inibir o aparecimento de doenças cardíacas. (1) Mortes por causas cardíacas ou respiratórias ocorrem entre a segunda e terceira décadas de vida na distrofia muscular de Duchenne e entre quarta e a quinta na distrofia muscular de Becker (7, 8) . Em autópsias de pacientes com DM e importante acometimento cardíaco foram observadas alternância de áreas com hipertrofia de miócitos, atrofia e fibrose (9, 10) . Estudos clínicos têm demonstrado que a doença cardíaca já está instalada quando os primeiros sintomas aparecem e, se o tratamento é feito dependendo dos sintomas, pode haver resposta insuficiente ao mesmo (6, 11) . Na maior parte das vezes, o tratamento é iniciado quando há redução da fração de ejeção ao Doppler ecocardiograma, que é feito periodicamente independente da presença de sintomas (6) . Nosso grupo demonstrou recentemente que a presença de acometimento miocárdico caracterizado como fibrose miocárdica pela ressonância magnética cardiovascular (RMC), ocorre frequentemente em indivíduos com fração de ejeção ventricular esquerda normal ou minimamente alterada (12) .
O envolvimento cardíaco é freqüente nas duas formas de DM, não apresentando correlação com o grau de acometimento da musculatura esquelética, sendo que na DMD o acometimento cardíaco pode ser freqüente, ocorrendo em até 70% dos pacientes, bem intenso e rapidamente progressivo após a adolescência (13) (14) (15) . Com a melhora progressiva dos cuidados respiratórios e fisioterápicos nos últimos 20 anos, houve queda de mortalidade por estas causas e a cardiomiopatia dilatada tornou-se a causa freqüente de morte nesses pacientes (16) (17) (18) . O tempo de evolução da cardiomiopatia ainda não foi bem estabelecido. Há um curso silencioso nesta doença e quando os pacientes apresentam sinais e sintomas de alterações cardíacas, a mesma já se encontra em grau avançado (19) (20) (21) . O envolvimento miocárdico pode se exteriorizar através de arritmias e/ou insuficiência cardíaca congestiva (ICC), no entanto, muitos destes pacientes apresentam falta de sintomas devido à limitação de atividades físicas ocasionada pelo acometimento da musculatura esquelética (22) .
Como o acometimento da musculatura esquelética na DMB pode inicialmente passar despercebido, seria prudente afastar esta forma de DM progressiva no paciente adolescente ou jovem que se apresenta com quadro de miocardiopatia dilatada idiopática e/ou arritmia.
Com este curso silencioso da cardiomiopatia, torna-se necessária a realização de exames que diagnostiquem cada vez mais precocemente as alterações cardíacas, sendo os exames de imagem os mais apropriados para esta investigação. O Doppler ecocardiograma convencional e o Doppler tecidual (19) têm sido usados para o diagnóstico da redução da fração de ejeção e/ou de alterações na contratilidade segmentar, mas podem sofrer limitações pela crescente deformidade torácica que propicia janela insuficiente para obtenção de imagens (6) . 
-Objetivos
-Objetivo Principal
-Comparação entre os achados eletrocardiográficos, radiográficos e Doppler ecocardiográficos -ritmo, área cardíaca, funções sistólica e diastólica -e as alterações de fibrose miocárdica e disfunção sistólica identificadas na RMC.
-Objetivos Secundários
-Investigar se o tratamento precoce da ICC em pacientes com fibrose miocárdica identificada pela RMC, pode impedir ou retardar a progressão da fibrose miocárdica visualizada pela RMC após dois anos de tratamento.
-Investigar se há mutações genéticas específicas associadas à presença de fibrose miocárdica pela RMC, que se caracterizem como preditores genéticos de envolvimento cardíaco.
-Comparar a evolução clínica dos portadores de DM progressiva com a presença de fibrose miocárdica pela RMC e com os preditores genéticos para identificação de fatores prognósticos.
Baseado nos nossos dados publicados no JACC em 2007(12) (J Am Coll
Cardiol. 2007;49:1874-9) em dez pacientes e, tendo em vista o potencial benefício clínico que a RMC poderia fornecer neste cenário, estamos propondo a avaliação longitudinal de um maior número de pacientes, com seguimento clínico e por RMC, sendo que em um subgrupo seja testada a efetividade da hipótese do tratamento precoce do acometimento miocárdico, iniciado após a identificação da fibrose pela RMC. Nos propomos também estudar a possível cardioproteção de alguns exons acometidos nas mutações do DNA.
-Plano de Estudo
Serão incluídos no estudo 50 pacientes com diagnóstico de DMD e DMB (biópsia muscular positiva ou deleção do DNA positiva) em acompanhamento nos 
Método de Ressonância Magnética Cardiovascular
O exame de ressonância magnética será realizado em aparelho 1,5 -T GE (GE A randomização dentro de cada grupo será alternada. Esta randomização estratificada será feita para manter a massa de fibrose (número de segmentos com presença de realce tardio na RMC) semelhante entre os grupos tratamento e seguimento. 
-Duração
Centro de Estudos do Genoma Humano -USP-SP
-População Envolvida
Pacientes com diagnóstico de Distrofia Muscular Progressiva nas formas de
Duchenne e Becker.
-Critérios de Inclusão:
Pacientes com Doenças de Duchenne e Becker confirmadas através do DNA ou biópsia muscular, com idade maior ou igual a 4 anos, que possam colaborar com a realização do estudo de RMC sem qualquer utilização de sedativos ou anestesias.
-Critérios de exclusão:
Pacientes com diagnóstico apenas clínico de Distrofia Muscular anos, a critério da cardiologista responsável, quando serão novamente examinados através da ressonância magnética.
-Interações medicamentosas:
O uso de IECA e de Beta bloqueador será iniciado com doses baixas, até atingir a dose ideal para o peso dos pacientes, visando impedir a queda de pressão arterial. Os pacientes serão avaliados nos ambulatórios de cardiologia infantil quinzenalmente até atingirem a dose ideal.
-Critérios para Randomização:
Pacientes 
-RESPONSABILIDADES DO INVESTIGADOR Ética
Este estudo está sendo conduzido de acordo com os padrões da Boa Prática Clínica aceitos mundialmente e em conformidade com a última revisão da Declaração de Helsinque. Este protocolo e emendas posteriores serão submetidos ao Conselho de Revisão Institucional devidamente constituído.
Consentimento livre e esclarecido: (vide anexo D)
Todos os pacientes ou responsáveis assinarão um termo de consentimento, após detalhada explicação da presente pesquisa e suas implicações para o paciente, abordando justificativa e objetivos do estudo, procedimentos empregados, riscos, desconfortos e benefícios relacionados ao exame; este processo será conduzido pelo pesquisador responsável ou, na sua ausência, por um dos pesquisadores envolvidos neste projeto. As informações serão prestadas em ambiente reservado e confidencial. Será garantida a retirada do consentimento e exclusão do estudo, mantida a assistência, confidencialidade, sigilo e privacidade.
-Orçamento
Os custos dos materiais para a realização de Ressonância Magnética Cardíaca dos pacientes envolvidos neste projeto serão financiados pela FAPESP. 
SEGMENTOS COM DISFUNÇÃO: (DESCREVER)---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Introduction
This is a prospective, randomized, controlled, two groups study, designed to compare the progression of myocardial fibrosis detected by cardiac magnetic resonance (MR) in patients with progressive muscular dystrophy and preserved ventricular ejection fraction, receiving angiotensin-convert enzime (ACE) inhibitors or placebo.
Primary outcome
In the primary outcome myocardial fibrosis progression, the hypothesis being tested for superiority cohort is:
H0: mT = C vs. H1: ≠ mT C where mT and C are the average myocardial fibrosis for the group with no myocardial disfunction that received treatment (ND-T group or intervention) and the group that received placebo (ND-NT group or control group),
respectively. The rejection of the null hypothesis with a 0.05 significance level indicates a significant difference between the two groups.
Secondary outcome:
Screening of specific genetic mutations as predictors of cardiac involvement, defined by the presence of fibrosis by cardiac MR.
Analysis
The descriptive statistics have been obtained using frequencies and percentages for categorical variables and using means and standard deviations for continuous variables. Continuous variables were tested for normality with the skewness-kurtosis test.
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